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ABSTRACT 
THE ASSOCIATION BETWEEN SLEEP DURATION, INSOMNIA AND WEIGHT 
CHANGE IN THE WOMEN’S HEALTH INITIATIVE OBSERVATIONAL STUDY  
MAY 2017 
NANA A.F. BOAME, B.S., UNIVERSITY OF OTTAWA 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Susan R. Sturgeon 
 
Sleep deprivation and insomnia may be risk factors for obesity due to decreased energy 
expenditure and increased caloric intake. The relationship between sleep duration, insomnia and 
weight and fat mass was assessed in postmenopausal women (N=92,706) in the Women’s Health 
Initiative Observational Study from 1993-2005. Baseline sleep duration and insomnia status, and 
annual weight information were collected by questionnaire. Body mass index (BMI) was 
calculated annually from height and weight measurements. Fat mass percent was assessed at 
baseline and every 3 years by dual-energy x-ray absorptiometry. After multivariable adjustment, 
baseline cross-sectional analyses demonstrated a significant relationship between sleeping 6 
hours (β = 0.19, 95% CI: 0.10, 0.29) and 8 hours (β = 0.16, 95% CI: 0.06, 0.26) but not ≤ 5 or ≥ 
9 hours and BMI (reference = 7 hours). After multivariable adjustment, baseline insomnia was 
associated with significantly lower BMI (β = -0.31, 95% CI: -0.39, -0.23). No association was 
observed between baseline sleep duration, insomnia status and fat mass percent. Prospectively, 
baseline sleep duration was not significantly associated with weight change or change in fat mass 
percent. Similarly, baseline insomnia status was not associated with change in weight or change 
in fat mass percent over time. As the prevalence of obesity increases, it is necessary to identify 
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modifiable risk factors. Our findings suggest that sleep duration is not a factor for weight gain in 
post-menopausal women.  
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CHAPTER 1 
INTRODUCTION 
 In the United States, a reported 36.5% of adults are obese, with rates higher in women 
(38.3%) than men (34.3%), and higher rates in older adults (40.2%, 40-59 years) compared to 
younger adults (32.3%, 20-39 years) (1). By 2020 there are expected to be 65 million more obese 
adults (2); by 2030, 86.3% of Americans will be overweight and 51.1% obese (3). 
 Overweight and obesity have negative health and financial impacts on both the individual 
and the economy (2). Overweight and obesity are determinants of depression, hypertension and 
cardiovascular disease (4), diabetes, sleep apnea, and certain types of cancer (5). Healthcare 
costs are estimated to be 30% higher in obese individuals than those of normal weight (6) with 
an additional cost for lost productivity and income (5). Excessive weight gain can lead to 
overweight and obesity (7). 
There are several established risk factors associated with weight gain. Among them 
include genetic (8-10), behavioral (11), and environmental (9, 12) factors. There is a clear need 
to identify modifiable risk factors for weight gain. One such factor may be sleep duration.  
Current recommendations suggest 7-8 hours of sleep for adults (13). Despite this, more 
than a quarter of American adults report getting less than the recommended amount of sleep (14). 
In addition, it is estimated that 10% of the US population experiences chronic insomnia (14), a 
condition characterized by the inability to fall or stay asleep, resulting in potential functional 
impairment throughout the day (15). 
 Four physiological mechanisms have been proposed to elucidate how insufficient sleep 
contributes to change in weight. These proposed biological mechanisms are outlined in Figure 1. 
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  First, it is possible that insufficient sleep may lead to changes in satiety and hunger 
hormones which results in altered food intake and energy expenditure (16). Short sleep duration 
has been found to be associated with a decreased production of leptin (17, 18), and increased 
levels of ghrelin (17). Leptin is a hormone produced by fat cells that helps to regulate energy 
balance by inhibiting hunger (19, 20). The hormone ghrelin, produced in the gastrointestinal 
tract, works in opposition and is known as the hunger hormone (21). Together, these hormones 
are responsible for maintaining energy homeostasis (22). The decrease in leptin coupled with the 
increase in ghrelin, as a result of sleep deprivation, could lead to weight gain due to increased 
caloric intake.  
 Second, because sleep deprivation is characterized by a prolonged state of being awake, 
this increases the opportunities for eating. Increased caloric intake in turn, can result in weight 
gain after sleep restriction (23). Not only is there an increase in appetite but a study by Spiegel et 
al. also found that the desire for energy-rich foods high in carbohydrate content can increase with 
sleep deprivation (24). 
 Third, an individual who does not receive enough sleep is more likely to be fatigued 
during the day. Due to this increased fatigue, there is the potential for decreased energy 
expenditure due to lower levels of daytime physical activity and an increase in obesity-related 
behaviors (25). This can lead to weight gain.  
 Finally, altered thermoregulation as a result of sleep deprivation may also lead to reduced 
energy expenditure and subsequent weight gain (26). Thermoregulation is the process by which 
the body maintains a steady temperature under a variety of external conditions. Sleep deprivation 
results in a drop in core temperature (26), and heat loss (27) during day time hours. It is thought 
that a lower core temperature may be associated with weight gain and higher BMI (28).  
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Figure 1: Physiological relationship between sleep deprivation and weight gain. 
  
It has been hypothesized that both short and long sleep duration have an effect on body 
mass index (BMI). Cross-sectional studies have found that adults who sleep less than 7 hours per 
night are more likely to be obese (29-34). In a study by Appelhans et. al., sleep duration and BMI 
were measured using sleep actigraphy, and height and weight at clinic visits, respectively, in 310 
American women aged 48 to 59 years (32). This study found an inverse relationship between 
sleep duration and BMI (β: -1.22, 95% confidence interval (CI): -2.03, -0.42). Despite the direct 
measurements of sleep duration and BMI in this study, given the cross-sectional nature of this 
study, it is unable to establish a temporal relationship between sleep duration and weight change. 
In a population-based cross-sectional study of 5,549 American women aged 20 to 75 years, those 
who slept for 8 or more hours were also at increased odds of being obese (BMI ≥ 30 kg/m2) (OR: 
1.75, 95%CI: 1.33, 2.32) compared to those who slept 7 hours (33).  
Conversely, sleep durations of longer than 7 hours have been shown to have no 
association with obesity (30) and even be protective (34). A cross-sectional study of 1,618 
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Chinese women found that every 1 hour increase above 7-8 hours of sleep reduced obesity risk 
by 26% (OR: 0.74, 95% CI: 0.56, 0.97) (34).  
 Results from prospective cohort studies of sleep duration and weight have been mixed 
(35, 36). In a one-year follow-up of 3,770 Japanese women who self-reported sleep duration and 
had height and weight measured, no significant association was found between sleep duration 
and weight gain or obesity (35). In the Nurses’ Health Study II, a large prospective study, 68,183 
women were followed for 16 years and data was collected on sleep duration, height and weight 
through self-reported questionnaires (36). Sleeping less than 5 hours, and less than 6 hours per 
night were positively associated with incident obesity (RR: 1.15 (95% CI 1.04-1.26); 1.06 (95% 
CI 1.01, 1.11), respectively), compared to sleeping 7 hours. No difference was found for those 
who slept for 8 or more hours. 
It is unclear if there is a relationship between sleep duration and fat mass although 
research suggests that body composition may be affected by sleep duration. Theorell-Haglow et. 
al. conducted a two-phased, population-based cross-sectional study of sleep in women between 
2000 and 2004 (37). A total of 7,051 Swedish women answered questions about sleep habits. 
From this group, 400 women were selected to undergo polysomnography and their height, 
weight and central obesity were measured by a nurse. This study found a strong inverse 
relationship between sleep duration and waist circumference (β: -1.22 cm/h, p = 0.016) and 
sagittal abdominal diameter (β: -0.46 cm/h, p = 0.001). These results have also been found in a 
meta-analysis of 21 cross-sectional studies in which sleep duration was negatively correlated 
with waist circumference (r: -0.10, p < 0.0001) (38).  
The research is sparse with respect to the potential association between insomnia and 
BMI and is limited to two cross-sectional studies (39, 40). In a Chinese study of 141 insomniacs, 
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no significant correlations were found between total sleep time and BMI (39). In contrast, a 
study of 233 German adults found that those with severe chronic insomnia had significantly 
lower BMI than the general population (40). The mean BMI of the women was 23.4 (± 3.6) 
kg/m2 (N=191) compared to the control group mean BMI of 27.1 (± 1.3) kg/m2. To our 
knowledge, no studies have prospectively assessed the relationship between insomnia and BMI. 
Further, none have assessed the association between insomnia and fat mass. 
 In summary, the prior epidemiologic studies of sleep duration, insomnia and weight and 
fat mass in women are sparse and limited by either 1) small sample size, 2) inability to assess the 
effects of long sleep duration, 3) cross-sectional study design, or 4) short follow-up time. Our 
study was able to utilize prospectively collected data on approximately 70,000 women, enabling 
us to assess the effects of both short and long sleep duration.   
To assess the association between baseline sleep duration, baseline insomnia status and 
weight change and body fat mass change, we analyzed data from women who participated in the 
Women’s Health Initiative Observational Study and the Women’s Health Initiative Bone-Density 
Ancillary Study. We hypothesized that over 9 years of follow-up, women with short and long 
sleep duration would have greater increases in weight than those with average sleep duration. 
Similarly, we hypothesized that women with insomnia would have greater increases in weight 
than women without insomnia. With respect to fat mass, we hypothesized that women with 
short and long sleep duration would have greater increases in fat mass than those with average 
duration sleep. Finally, we hypothesized that women with insomnia would have greater increases 
in fat mass than those without insomnia. 
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CHAPTER 2 
METHODS 
Study Design 
We prospectively assessed the relationship between sleep duration, insomnia and change 
in weight and fat mass using data from the Women’s Health Initiative Observational Study 
(WHI-OS). From September 1993 to December 1998, a total of 93,676 postmenopausal women 
aged 50-79, were enrolled from 40 clinical sites around the United States (41). At their baseline 
visit, each woman was assessed for study eligibility by trained study personnel and completed a 
questionnaire after enrollment. The questionnaire assessed medical history, family history, 
reproductive history, lifestyle/behavioral factors and quality of life, as well as geographic 
residence history, passive smoking exposure in childhood and adulthood, early life exposures, 
details of physical activity, weight and weight cycling history, and occupational exposures (41). 
Participants were mailed questionnaires annually to update exposure information, and returned 
for a repeat clinic visit approximately 3, 6 and 9 years after initial study enrollment.  
Data were also used from the WHI Bone-Density Ancillary Study. This sub-study of the 
WHI-OS was conducted in three clinical sites (Birmingham, Pittsburgh, and Tucson), and 
enrolled approximately 10,000 women. Dual-energy x-ray absorptiometry (DXA) measurements 
taken at baseline, year 3, year 6 and year 9 clinic visits provided information on body 
composition including whole body fat mass. 
Study Population 
In order to be eligible for the WHI study, women had to be between 50 and 79 years of 
age, postmenopausal, and intending to reside in the area for a minimum of 3 years (41). Women 
with medical conditions with a predicted survival time of less than 3 years, a condition that 
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suggested inability to comply with the study (alcoholism, drug dependency, mental illness, 
dementia) or those who were participants in other randomized clinical trials were excluded from 
WHI-OS (41).     
Assessment of Sleep Duration  
At baseline, sleep duration was assessed using one question: “About how many hours of 
sleep did you get on a typical night during the past 4 weeks?” (42). There were 6 possible 
responses: 1) 10 or more hours; 2) 9 hours; 3) 8 hours; 4) 7 hours; 5) 6 hours; and 6) 5 or less 
hours. The responses of 9 hours and 10 or more hours were combined for data analysis.   
Assessment of Insomnia 
 At baseline, insomnia was assessed using the 5-item Women’s Health Initiative Insomnia 
Rating Scale (WHIIRS) (42). These 5 questions were intended to assess initiation insomnia, 
sleep maintenance insomnia, early morning awakening, and sleep quality. For each question, the 
possible score ranged from 0 to 4 and the total score ranging from 0 to 20, with higher scores 
indicating higher insomnia. The first four questions were 1) Did you have trouble falling asleep? 
2) Did you wake up several times at night? 3) Did you wake up earlier than you planned to? 4) 
Did you have trouble getting back to sleep after you woke up too early? Possible responses to 
these questions were (0) no, not in the last 4 weeks; (1) yes, less than once a week; (2) yes, 1 or 2 
times a week; (3) yes, 3 or 4 times a week; and (4) yes, 5 or more times a week. The last 
question, “Overall, how was your typical night’s sleep during the past 4 weeks?”, assessed sleep 
quality with the possible responses of (0) very sound or restful; (1) sound or restful; (2) average 
quality; (3) restless; (4) very restless. From this variable, a dichotomous ‘insomnia’ variable was 
created where those with a score equal to or greater than 9 were considered to have insomnia, 
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and those with a score less than 9 were not. This cut-off was established in a validity study of the 
WHIIRS (43).  
Responses to the WHIIRS have found to be valid and reproducible in other studies (43, 
44). Test-retest reliability estimates yielded a correlation of 0.96 for same day administration, 
while re-administration after one year had a correlation of 0.66 (43). The construct validity of the 
WHIIRS has been validated in a clinical trial where it was used to detect differences in sleep 
between those with known vasomotor symptoms and those without (44). The scale was able to 
detect clinically meaningful differences (p-value <0.0001) in self-reported insomnia for those 
with mild vasomotor symptoms (mean = 7.56, standard deviation (SD) = 5.0) compared to those 
with severe vasomotor symptoms (mean = 10.37, SD = 5.1).  
Assessment of Weight 
During each WHI clinic visit, at baseline, year 3, year 6 and year 9, weight in kilograms 
was measured by trained personnel using a calibrated balance beam scale (41) which is an 
accepted measure of weight (45). Weight information was also updated annually by self-report 
on follow-up questionnaires that were mailed to participants. This variable was analyzed 
continuously. In addition, BMI was calculated from height and weight measurements and 
analyzed continuously.  
Assessment of Fat Mass 
In the WHI-Bone Density Ancillary Study, fat mass was assessed by dual-energy x-ray 
absorptiometry (DXA) at four time points, baseline, year 3, year 6 and year 9 clinic visits using 
the Hologic QDR-2000, 2000+ or 4500W Series Bone Densitometer. Study personnel followed 
standard protocols for positioning of study participants and analysis of DXA results. This 
variable was analyzed continuously. Previous studies have shown that DXA scans can accurately 
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determine body composition when compared to other measures such as computerized 
tomography (r=0.9) (46), and anthropometric measurements (r: 0.92; women age greater than 60) 
(47). 
Covariate Assessment 
 At baseline, information was available on the following potential confounders: age, 
ethnicity (White, Black or African-American, Hispanic/Latina, other), education (less than high 
school, high school, college, post-graduate degree or more), employment status (unemployed, 
employed), marital status (never married, divorced or separated, widowed, married), family 
income (< $35,000, $35,000-$74,999, ≥ $75,000), physical activity (total energy expenditure 
METs hr/week), alcohol consumption (non-drinker, former drinker, <1 drink/month, <1 
drink/week, 1 - <7 drinks/week, 7+ drinks/week), smoking status (never, former, current), 
caffeine consumption, history of stroke, history of diabetes, daily caloric intake (kcal/day), 
modified healthy eating index (0-100 scale), social strain (4-20 scale), limitations due to 
emotional problems (0-100 scale), physical functioning (0-100 scale) and depression (0-1 scale). 
These variables were included as potential confounders due to their established relationship with 
sleep duration, insomnia and weight and body composition or because of their inclusion in 
previous studies evaluating similar exposure and outcome relationships (29-40).   
Statistical Analysis At baseline, summary statistics and frequency distributions were 
performed for all variables. Analysis of variance or chi-square tests were performed to assess the 
distribution of weight, fat mass percent and covariates by sleep duration and insomnia status.  
Baseline  
Linear regression was performed to examine the effect of sleep duration and insomnia on 
BMI and fat mass percent. Multivariable linear regression models were constructed to assess the 
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relationship between the two exposures and two outcomes after adjusting for potential 
confounders as determined from bivariate analysis (p < 0.25). Because of the large number of 
potential confounders, initial models were built with groups of similar potential confounders. All 
models were adjusted for age and the following potential confounders: adjusted for age (model 
1); demographic factors - ethnicity, education, marital status, income (model 2); lifestyle factors 
- smoking status, alcohol consumption (model 3); dietary factors - total energy expenditure, 
caloric intake, healthy eating index (model 4); medical history - diabetes, stroke, cardiovascular 
disease (model 5); thoughts and feelings - social strain, physical functioning, depression, 
limitations due to emotional problems (model 6); sleep pattern - insomnia or sleep duration, as 
appropriate (model 7); variables from models 2-6 (model 8); variables from models 2-7 (model 
9). Confounders in each model were further assessed if they resulted in at least a 10% change in 
the beta coefficient for category of sleep duration or insomnia. Analyses were performed using 
only participants that had complete information on all variables. Beta coefficients with 95% 
confidence intervals and p-values were reported.  
Mixed Models  
The relationship between baseline sleep duration and insomnia, and repeated measures of 
weight and body fat percentage were assessed using linear mixed-effects regression models. 
Intercepts and slope were random and an interaction term between year and baseline sleep 
duration was added to each model to assess the influence of the exposure on change in weight or 
body fat mass. Due to computer processing limitations, a random sample of 10% of the study 
population was used for mixed model analyses of baseline sleep duration, baseline insomnia 
status and changes in weight and fat mass over a 9-year follow-up period. For the analyses of 
baseline sleep duration and baseline insomnia status as predictors of subsequent weight change, 
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self-reported weight information was used starting at one year of follow-up as there was a loss of 
nearly 95% of clinic measured weight information by the end of the study period. 
Comparatively, there was information on self-reported weight for 53% of the women at study 
end.  
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CHAPTER 3 
RESULTS 
Of the 93,676 women recruited for the Women’s Health Initiative Observational study, 
92,706 had information on sleep duration at baseline. Participant characteristics of the full cohort 
are presented in Table 1 (N / %) and Table 2 (mean / standard deviation). Women were mean age 
63.6 years. With respect to sleep duration, 8.3%, 26.9%, 37.4%, 22.7% of women reported 
getting less than 5 hours, 6 hours, 7 hours, or 8 hours of sleep, respectively. Less than 5% of 
women reported average sleep duration of equal to or greater than 9 hours. Slightly less than 
one-third (30.6%) of women indicated they had insomnia. Approximately 40% of women had 
BMI in the underweight to normal weight category (BMI <18.5 kg/m2, 18.5 – 24.9 kg/m2, 
respectively) while 34% were overweight and the remainder were obese. Mean whole body fat 
mass was 43.9% or 32.6 kg.  
Nearly 84% of women were Caucasian. Two-thirds were married or in a marriage-like 
relationship. A little more than half of the women had achieved less than college level education. 
Two-thirds were unemployed and 37% had a family income between $35,000 and $74,999. A 
small proportion of women were current smokers (6.18%), the majority having never smoked 
(50.3%) and former smokers accounting for 42.3%. Approximately 70% of women were current 
drinkers, with a quarter consuming 1 to 6 drinks per week.  
Only 1.5% of women reported a history of stroke, 5.7% were diabetic and 18.7% suffered 
from cardiovascular disease. The mean daily caloric intake was 1,548 kilocalories. The mean 
healthy eating index score was 69.2, where scores closer to 100 indicates adherence to dietary 
guidelines. Total energy expenditure averaged 13.7 MET hours per week. Roughly 10% of 
women reported being depressed (score ≥ 0.06) with the mean score amongst depressed 
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individuals being 0.33. Mean physical functioning scores and emotional limitation scores were 
high, 81.1 and 83.6 respectively, where a score closer to 100 indicates a more favorable health 
state. Similarly, the mean social strain score was low, 6.5, where a score closer to 4 indicates less 
social strain.  
Age-adjusted mean BMI by baseline characteristics are presented in Table 3. Women in 
the age group 70-79 years had the lowest BMI. By ethnicity, African-American women were 
heaviest, followed by Latina women and White women. Those with the least education were 
heaviest; BMI decreased with increased education. Married women were the lightest while those 
who were never married, divorced or widowed had similar BMIs. Women who were employed 
had lower BMIs then those who were unemployed. Similarly, those with incomes in the highest 
bracket had lower BMIs. Those with insomnia had marginally higher BMI than those without 
insomnia (27.6 kg/m2 vs. 27.1 kg/m2). BMI decreased with increasing alcohol consumption; 
former drinkers and non-drinkers had BMIs close to those who consumed less than 1 drink per 
month. Current smokers were lighter than never and former smokers. Those with diabetes, 
cardiovascular disease, history of stroke and depression were heavier than those without these 
ailments.  
Sleep Duration 
 Baseline characteristics of study participants by sleep duration are presented in Table 4 
(N / %) and 5 (mean / standard deviation). Those who slept for 10 or more hours tended to be 
Hispanic/Latina, unemployed, have less than a high school education, and be never married. 
Between the six categories of sleep (≤ 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, ≥ 10 hours), 
mean age was similar. Mean BMI followed a U-shape pattern where women who slept ≤ 5 hours 
and ≥ 10 hours had the highest BMI, 28.5 kg/m2 and 29.3 kg/m2, respectively, compared to 26.8 
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kg/m2 for women who slept 7 hours. Whole body fat mass tended to be similar among groups 
(fat mass percent, p= 0.60; fat mass grams, p= 0.74) (Table 5). Those who slept for 5 or less 
hours, and 10 or more hours tended to have lower physical functioning and limitations due to 
emotional problems scores, and higher depression and social strain scores. The correlation 
between fat mass percent and BMI, by sleep duration is presented in Table 6 for participants of 
the Bone Density Ancillary Study. Fat mass percent and BMI demonstrated a non-linear 
relationship where fat mass eventually plateaued as BMI increased, explaining why the U-shape 
distribution of BMI by sleep duration was not replicated in the fat mass percent distribution.  
 Multivariable linear regression results of baseline sleep duration and baseline BMI are 
shown in Table 7, and baseline sleep duration and baseline fat mass are shown in Table 8. The 
age adjusted model indicated a statistically significant relationship between sleep duration of less 
than five hours (β: 1.67, 95% CI: 1.50, 1.83), 6 hours (β: 0.70, 95% CI: 0.59, 0.80), 8 hours (β: 
0.25, 95% CI: 0.14, 0.36), 9 or more hours (β: 0.81, 95% CI: 0.61, 1.02) and BMI, where 7 hours 
was the reference. After adjustment for age, demographic, lifestyle and dietary factors, medical 
history and thoughts and feelings, there was a marginally significant positive relationship 
between sleep duration of 6 hours (β: 0.19, 95% CI: 0.10, 0.29) and 8 hours (β = 0.16, 95% CI: 
0.06, 0.26) but not five or less hours (β = 0.14, 95% CI: -0.01, 0.29), or 9 hours or more (β = 
0.09, 95% CI: -0.09, 0.27) and BMI. No association was observed between baseline sleep 
duration and baseline fat mass in any model (p > 0.05).  
Insomnia 
 Baseline characteristics of study participants by insomnia status are presented in Table 9 
(N / %) and 10 (mean / standard deviation). The age distribution of women with insomnia was 
similar to those without insomnia. BMI and fat mass were comparable between women with 
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insomnia and those without insomnia (27.6 kg/m2 vs. 27.1 kg/m2, and 32.8 kg vs. 32.6 kg, 
respectively). Unsurprisingly, women with insomnia were more likely to only get 5 or less hours 
of sleep (18.5% vs. 3.6%). Women with insomnia were more likely to come from low income 
households than those without insomnia (40.8% vs. 34.3%). The prevalence of cardiovascular 
disease was higher in women with insomnia (22.1% vs. 17.2%), while the distribution of 
diabetes and stroke was fairly similar between groups. One-fifth of women with insomnia were 
depressed compared to only 6.7% of women without insomnia. Compared to women without 
insomnia, women with insomnia had lower physical functioning scores (83.4 vs. 76.2) and 
limitations due to emotional problems (87.2 vs. 75.8). Social strain scores were also higher for 
those with insomnia compared to those without insomnia (7.02 vs. 6.3). With the exception of 
mean percent fat mass, all differences were statistically significant (p<0.001).  
Multivariable linear regression results of baseline insomnia and baseline BMI are shown 
in Table 11, and baseline insomnia and baseline fat mass are shown in Table 12. The age-
adjusted model of insomnia and BMI indicated that those with insomnia had statistically 
significantly higher BMI (β = 0.56, 95% CI: 0.47, 0.65). After adjustment for age, demographic, 
lifestyle and dietary factors, medical history and thoughts and feelings, there was a reversal of 
the observed trend where those with insomnia had statistically significantly lower BMI compared 
to those without insomnia (β = -0.31, 95% CI: -0.39, -0.23). No association was observed 
between baseline insomnia status and baseline percent body fat mass in any model (p>0.05).  
Mixed Models 
 While all women lost weight during the study period, baseline sleep duration was not 
found to be significantly associated with change in weight (data not shown) over 9 years of 
follow-up. Similarly, weight loss was not significantly associated with baseline insomnia status 
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during the follow-up period. Baseline sleep duration and baseline insomnia status were not found 
to be significantly associated with the increase in fat mass percent over time. Results of the 
mixed model analyses of baseline sleep duration and change in weight, baseline sleep duration 
and change in fat mass, baseline insomnia status and change in weight, and baseline insomnia 
status and change in fat mass, over the 9-year period are shown in Figures 2-5, respectively.  
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CHAPTER 4 
DISCUSSION 
 After multivariable adjustment, our baseline cross-sectional analysis demonstrated that 
there was a weak association between sleep duration and BMI. Relative to those who slept for 7 
hours, those who slept for 6 or 8 hours were minimally heavier. This trend was not observed for 
those who slept 5 or less hours, or 9 or more hours. Baseline analysis provided no evidence of an 
association between sleep duration and fat mass. Prospectively, there was no association between 
baseline sleep duration and subsequent change in weight. Similarly, there was no evidence of an 
association between baseline sleep duration and change in fat mass over time.  
 Few studies have assessed the association between insomnia and BMI. Our baseline 
cross-sectional analysis found a statistically significantly lower BMI in those with insomnia 
compared to those without insomnia. Baseline analysis provided no evidence of an association 
between insomnia and fat mass. Prospectively, no association was found between baseline 
insomnia status and change in weight or change in fat mass over time.  
 While some cross-sectional studies have found that adults who sleep less than 7 hours per 
night are more likely to be obese (29-34) none have been able to assess this in extremely short 
sleepers. Similarly, these studies have been limited by small numbers of individuals who sleep 
for 9 or more hours. Most importantly, none of these studies can establish if short sleep duration 
preceded weight gain or vice versa. Unlike the prospective Nurses’ Health Study, we did not 
observe a relationship between sleep duration and change in weight for short sleepers (36). The 
mean age of short sleepers in the Nurses’ Health Study was 53.1(6.8) for those who slept ≤5 
hours and 52.4(6.9) for those who slept 6 hours compared to 63.7(7.7) and 63.6(7.49), 
respectively in this study. Previous research has shown that the association between sleep and 
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weight gain is stronger in children and young adults than older adults and may diminish with age 
(30, 48).  
Similar to our findings, Crönlein et al. found in cross-sectional analysis that women with 
chronic insomnia had significantly lower BMI than those without insomnia (40). Although it is 
not clear if any women in our study suffered from chronic insomnia, our results suggest that 
sleep disorders may better explain the relationship between sleep and weight than actual sleep 
duration. A typical clinical feature of individuals with insomnia, the hyperarousal state is 
associated with a chronic stress response which may prevent weight gain (49).     
An important consideration when assessing the relationship between sleep duration, 
insomnia, and weight and fat mass, is the distinction between confounders and causal 
intermediates. In the model that adjusts for age, social strain and physical functioning (model 6), 
we see the greatest decrease in effect estimates compared to the age adjusted model. This trend 
was observed in both the cross-sectional analyses of sleep duration and BMI, and insomnia status 
and BMI. This effect was most dramatic in the analysis of insomnia status and BMI where we 
observed a positive mean difference in BMI in the age-adjusted model, and an unexpected 
negative mean difference in BMI in model 6. These results indicate that these factors may best 
explain the differences observed in BMI by sleep duration and insomnia status. While other 
variables such as demographic and lifestyle factors may be significant from a statistical 
perspective, when adjusted for in analyses, our results indicate minor changes in effect estimates 
that may not be important from a clinical perspective. From a public health perspective, where 
we are interested in risk factors that may explain the increasing prevalence in obesity, measures 
of social strain and physical functioning may warrant further investigation. Further, it may be 
inappropriate to adjust for certain covariates such as caloric intake and physical activity as they 
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may be on the causal pathway of sleep deprivation and weight gain, given that the proposed 
physiological mechanisms suggest that sleep deprivation can lead to increased caloric intake, 
decreased energy expenditure and subsequent weight gain. Essentially, it is difficult to determine 
which factors are indeed confounders or causal intermediates in cross-sectional analyses and in 
this study, perhaps the age-adjusted model may be the most appropriate to explain the 
association between sleep duration, insomnia, and weight.             
 This study is limited by the self-report nature of exposure and outcome information. 
Sleep duration and insomnia status were assessed only at baseline using a self-reported 
questionnaire. Further, the reported sleep habits were representative only of the previous 4 
weeks. Despite using a validated questionnaire, the subjective nature of self-reported data may 
have led to non-differential misclassification of sleep duration and insomnia status which could 
explain the null findings due to underestimating effect estimates.  
 Although weight was measured at baseline, by the end of the study period, clinic 
measured weight was only available for approximately 5% of study participants. As such, it was 
necessary to use self-reported weight from follow-up questionnaires in prospective analyses. 
Unfortunately, self-reported weight information was also lost over time with only about 50% of 
women reporting weight at the end of the study. The use of self-reported weight is subject to 
error as people tend to underreport their weight. This may have resulted in an underestimation of 
the effect of sleep duration on change in weight and may explain the null study findings. The loss 
of weight information would be troubling if information was lost on the heaviest individuals and 
if the missing data was related to their sleep duration or insomnia status. This potential 
differential loss to follow-up would also lead to an underestimate of the effect of sleep duration 
on change in weight.  
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 In longitudinal analyses, potential confounders were adjusted for only at baseline. As a 
result, we were not able to take into account the effect of new diagnoses of chronic conditions, 
such as cancer, that may alter sleep habits over time.   
 Determination of fat mass percent as determined by dual-energy x-ray absorptiometry 
was accurate and has been validated (46, 47). Any misclassification of fat mass would have 
resulted from equipment and measurement error. Given that a standard protocol was used for 
operating and calibrating the DXA machine, any misclassification was likely minimal.  
 While cross-sectional studies have consistently found significant albeit contradictory 
results with respect to sleep duration and BMI, these findings have not always been duplicated in 
prospective studies. It is possible that prospective studies are not capturing the relevant exposure 
window in terms of sleep duration if in fact the association between sleep and weight diminishes 
with age. Additionally, in post-menopausal women it is possible that change in weight is not 
strongly affected by sleep habits. Our results suggest that sleep duration and insomnia are not 
predictors of change in weight and change in fat mass over time for post-menopausal women.  
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Table 1. Baseline characteristics of study population in the Women's Health Initiative; 1993 - 2005; N = 92,706 
Characteristic    N   %    
Age (years)         
50-54          12,242          13.21    
55 - 59          17,152          18.50    
60 - 69          40,776          43.98    
70 - 79          22,536          24.31    
Ethnicity         
White (non-Hispanic)  77,310 83.39   
Black or African-American  7,518 8.11   
Hispanic/Latina  3,503 3.78   
Other  4,116 4.44   
missing  259 0.28   
Education       
Less than high school            4,753            5.13    
High school to less than college          48,596          52.42    
College to less than post-graduate degree          21,453          23.14    
More than post-graduate degree          17,156          18.51    
missing               748            0.81    
Marital status         
Never married            4,337            4.68    
Divorced or separated          14,559          15.70    
Widowed          16,082          17.35    
Married/marriage-like relationship          57,283          61.79    
missing               445            0.48    
Employment         
Unemployed          57,891          62.45    
Employed          32,145          34.67    
missing            2,670            2.88    
Family income          
≤ 34,999          33,822          36.48    
35,000 - 74,999          34,603          37.33    
≥ 75,000          17,466          18.84    
missing            6,815            7.35    
Sleep Duration (hours)         
<5            7,696            8.30    
6          24,968          26.93    
7          34,711          37.44    
8          21,052          22.71    
9            3,742            4.04    
10+                537            0.58    
Insomnia Rating         
No (< 9)          62,733          67.67    
Yes (≥ 9)          28,370          30.60    
missing            1,603            1.73    
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Body Mass Index (kg/m2) 
Underweight (< 18.5)            1,101            1.19    
Normal weight (18.5 - 24.9)          36,530          39.40    
Overweight (25.0 - 29.9)          31,283          33.74    
Obesity I (30.0 - 34.9)          14,495          15.64    
Obesity II (35.0 - 39.9)            5,415            5.84    
Extreme Obesity III (>= 40)            3,256            3.51    
missing               626            0.68    
Alcohol consumption         
Non-drinker          10,363          11.18    
Former drinker          17,400          18.77    
Current drinker         
<1 drink/month          10,652          11.49    
<1 drink/week          18,507          19.96    
1 - <7 drinks/week          23,601          25.46    
7+ drinks/week          11,610          12.52    
missing               573            0.62    
Smoking         
Never          46,606          50.27    
Former          39,182          42.26    
Current            5,730            6.18    
missing            1,188            1.28    
History of diabetes         
No          87,361          94.23    
Yes            5,251            5.66    
missing                  94            0.10    
History of stroke         
No          91,250          98.43    
Yes            1,401            1.51    
missing                  55            0.06    
Cardiovascular disease         
No          73,647          79.44    
Yes          17,368          18.73    
missing            1,871            2.02    
Depression         
No (< 0.06)          80,231          86.54    
Yes (≥ 0.06)          10,304          11.11    
missing            2,171            2.34    
 
 
 
 
Table 2. Baseline characteristics of study population in the Women's Health Initiative; 1993 - 2005; N = 92,706  
Characteristic    Mean   SD      
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Age (years)   63.62 7.37     
Body Mass Index (kg/m2) 27.26 5.87     
missing (N/%)   626 (0.68)      
Fat mass (kg)†   32.61 11.51     
missing (N/%)   107(0.95)      
Fat mass (%)†  43.91 7.30     
        missing (N/%)  107(0.95)      
Height (cm)   161.66 6.75     
missing (N/%)   535 (0.58)      
Weight (kg)   71.67 16.87     
Physical activity (METS hr/wk)   13.69 14.35     
missing (N/%)   823 (0.89)      
Healthy Eating Index   69.20 10.53     
missing (N/%)   88 (0.09)      
Daily caloric intake (kcal/day)   1,548.89 694.41     
missing (N/%)   88 (0.09)      
Caffeine consumption (mg/day)   158.35 131.30     
missing (N/%)   88 (0.09)      
Physical functioning   81.09 20.39     
missing (N/%)   1478 (1.59)      
Depression         
No (< 0.06)   0.006 0.01     
Yes (≥ 0.06)   0.33 0.25     
missing (N/%)   2,171 (2.34)      
Social strain   6.50 2.53     
missing (N/%)   1,957 (2.11)      
Limitations due to emotional problems 83.57 30.18     
missing (N/%)   627 (0.68)      
†Data from participants of Bone-Density Ancillary Study (N = 11,265)  
 
 
 
 
 
 
 
 
 
Table 3. Mean BMI by baseline characteristics of study population in the Women's Health Initiative; 1993 - 2005; N = 
92,706 
Characteristic   Mean SE  p-value  
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Age (years)        
50-54   27.42 0.05  <0.001  
55 - 59   27.48 0.04    
60 - 69   27.43 0.03    
70 - 79   26.71 0.04    
Ethnicity        
White (non-Hispanic)  26.97 0.02  <0.001  
Black or African-American  30.64 0.07    
Hispanic/Latina  28.48 0.10    
Other  25.65 0.09    
missing       
Education        
Less than high school   29.67 0.08  <0.001  
High school to less than college   27.78 0.03    
College to less than post-graduate degree   26.43 0.04    
More than post-graduate degree   26.16 0.04    
missing        
Marital status        
Never married   27.75 0.09  <0.001  
Divorced or separated   27.79 0.05    
Widowed   27.90 0.05    
Married/marriage-like relationship   26.91 0.02    
missing        
Employment        
Unemployed   27.41 0.03  <0.001  
Employed   26.96 0.04    
missing        
Family income ($)        
≤ 34,999   28.45 0.03  <0.001  
35,000 - 74,999   26.98 0.03    
≥ 75,000   25.63 0.04    
missing        
Sleep Duration (hours)        
<5   28.54 0.07  <0.001  
6   27.53 0.04    
7   26.83 0.03    
8   27.10 0.04    
9   27.42 0.10    
10+    29.28 0.25    
Insomnia Rating        
No (< 9)   27.07 0.02  <0.001  
Yes (≥ 9)   27.63 0.03    
missing        
 
Alcohol consumption        
Non-drinker   27.99 0.06  <0.001  
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Former drinker   28.60 0.04    
Current drinker        
<1 drink/month   28.47 0.06    
<1 drink/week   27.34 0.04    
1 - <7 drinks/week   26.17 0.04    
7+ drinks/week   25.56 0.05    
missing        
Smoking        
Never   27.18 0.03  <0.001  
Former   27.45 0.03    
Current   26.54 0.08    
missing        
History of diabetes        
No   27.01 0.02  <0.001  
Yes   31.54 0.08    
missing        
History of stroke        
No   27.24 0.02  <0.001  
Yes   28.68 0.16    
missing        
Cardiovascular disease        
No   27.07 0.02  <0.001  
Yes   28.00 0.04    
missing        
Depression        
No (< 0.06)   27.08 0.02  <0.001  
Yes (≥ 0.06)   28.49 0.06    
missing        
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Table 4. Baseline characteristics by sleep duration in the Women's Health Initiative, 1993 - 2005; N = 92,706    
    ≤ 5 hours 6 hours 7 hours  8 hours 9 hours ≥ 10 hours 
Characteristic   N = 7,696 % N = 24,968  %  N = 34,711  %  N = 21,052  %  N = 3,742  %  N = 537  %  
Age (years)                           
50-54           1,131    14.7          3,427          13.73          4,756          13.70          2,452          11.65             399          10.67                77          14.34  
55 - 59           1,358    17.6          4,702          18.83          6,685          19.26          3,690          17.53             625          16.71                92          17.13  
60 - 69           3,160    41.1        10,614          42.51        15,213          43.83          9,857          46.82          1,697          45.36             235          43.76  
70 - 79           2,047    26.6          6,225          24.93          8,057          23.21          5,053          24.00          1,021          27.29             133          24.77  
Ethnicity                           
White             5,159    67.0        19,725          79.00        30,073          86.64        18,694          88.80          3,301          88.21             358          66.67  
Black/African-American           1,428    18.6          2,651          10.62          2,054            5.92          1,058            5.03             234            6.25                93          17.32  
Hispanic/Latino              483      6.3          1,030            4.13          1,143            3.29             658            3.13             114            3.05                75          13.97  
Other              599      7.8          1,487            5.96          1,350            3.89             584            2.77                85            2.27                11            2.05  
missing                 27      0.4                75            0.30                91            0.26                58            0.28                  8            0.21                 -                   -    
Education                           
Less than high school              757      9.8          1,382            5.54          1,357            3.91             962            4.57             199            5.32                96          17.88  
High school            4,582    59.5        13,559          54.31        17,501          50.42        10,743          51.03          1,950          52.13             261          48.60  
College           1,294    16.8          5,479          21.94          8,598          24.77          5,093          24.19             888          23.74             101          18.81  
≥ Post-graduate degree              989    12.9          4,323          17.31          6,994          20.15          4,096          19.46             682          18.23                72          13.41  
missing                 74      1.0             225            0.90             261            0.75             158            0.75                23            0.61                  7            1.30  
Marital status                           
Never married              404      5.2          1,172            4.69          1,613            4.65             940            4.47             169            4.52                39            7.26  
Divorced or separated           1,545    20.1          4,387          17.57          5,165          14.88          2,769          13.15             573          15.32             120          22.35  
Widowed           1,790    23.3          4,947          19.81          5,595          16.12          3,105          14.75             549          14.68                96          17.88  
Married           3,911    50.8        14,344          57.45        22,193          63.94        14,123          67.09          2,438          65.17             274          51.02  
missing                 46      0.6             118            0.47             145            0.42             115            0.55                13            0.35                  8            1.49  
Employment                           
Unemployed           4,834    62.8        14,683          58.81        20,940          60.33        14,264          67.76          2,748          73.46             422          78.58  
Employed           2,624    34.1          9,590          38.41        12,750          36.73          6,209          29.49             885          23.66                87          16.20  
missing              238      3.1             695            2.78          1,021            2.94             579            2.75             109            2.91                28            5.21  
Family income ($)                            
≤ 34,999           3,729    48.5          9,686          38.79        11,524          33.20          7,198          34.19          1,395          37.29             290          54.00  
35,000 - 74,999           2,378    30.9          9,123          36.54        13,541          39.01          8,047          38.22          1,386          37.05             128          23.84  
≥ 75,000              938    12.2          4,326          17.33          7,291          21.00          4,182          19.87             673          17.99                56          10.43  
missing              651      8.5          1,833            7.34          2,355            6.78          1,625            7.72             288            7.70                63          11.73  
WHI Insomnia Rating                           
No (< 9)           2,277    29.6        13,916          55.74        25,663          73.93        17,359          82.46          3,120          83.40             398          74.12  
Yes (≥ 9)           5,234    68.0        10,579          42.37          8,458          24.37          3,408          16.19             564          15.08             127          23.65  
missing              185      2.4             473            1.89             590            1.70             285            1.35                58            1.55                12            2.23  
Body Mass Index (kg/m2)                         
Underweight (< 18.5)            102      1.3             291            1.17             413            1.19             240            1.14                50            1.34                  5            0.93  
Normal weight (18.5 - 24.9)         2,420    31.4          9,348          37.44        14,725          42.42          8,494          40.35          1,402          37.48             141          26.26  
Overweight (25.0 - 29.9)         2,532    32.9          8,463          33.90        11,638          33.53          7,152          33.97          1,309          34.99             189          35.20  
Obesity I (30.0 - 34.9)           1,498    19.5          4,141          16.59          4,916          14.16          3,229          15.34             600          16.04             111          20.67  
Obesity II (35.0 - 39.9)              647      8.4          1,570            6.29          1,747            5.03          1,168            5.55             231            6.17                52            9.68  
Obesity III (≥40)              446      5.8             980            3.93          1,033            2.98             634            3.01             126            3.37                37            6.89  
missing                 51      0.7             175            0.70             239            0.69             135            0.64                24            0.64                  2            0.37  
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Alcohol consumption                           
Non-drinker           1,222    15.9          2,882          11.54          3,604          10.38          2,216          10.53             361            9.65                78          14.53  
Former drinker           1,910    24.8          5,068          20.30          5,910          17.03          3,584          17.02             757          20.24             171          31.84  
Current drinker                           
<1 drink/month           1,016    13.2          3,000          12.02          3,889          11.20          2,308          10.96             383          10.24                56          10.43  
<1 drink/week           1,404    18.2          5,069          20.30          7,179          20.68          4,115          19.55             670          17.91                73          13.59  
1 - <7 drinks/week           1,465    19.0          6,128          24.54          9,480          27.31          5,545          26.34             891          23.82                92          17.13  
7+ drinks/week              610      7.9          2,654          10.63          4,459          12.85          3,161          15.02             662          17.70                64          11.92  
missing                 69      0.9             167            0.67             190            0.55             126            0.60                18            0.48                  3            0.56  
Smoking                           
Never           4,045    52.6        12,502          50.07        17,570          50.62        10,504          49.90          1,746          46.67             239          44.51  
Former           2,955    38.4        10,492          42.02        14,707          42.37          9,101          43.23          1,685          45.04             242          45.07  
Current              592      7.7          1,655            6.63          2,013            5.80          1,160            5.51             258            6.90                52            9.68  
missing              104      1.4             319            1.28             421            1.21             287            1.36                53            1.42                  4            0.74  
History of diabetes                           
No           6,940    90.2        23,425          93.82        33,028          95.15        19,959          94.81          3,515          93.96             494          91.99  
Yes              748      9.7          1,517            6.08          1,650            4.75          1,069            5.08             224            5.99                43            8.01  
missing                   8      0.1                26            0.10                33            0.10                24            0.11                  3            0.08                 -                   -    
History of stroke                           
No           7,484    97.2        24,578          98.44        34,250          98.67        20,754          98.58          3,672          98.16             512          95.34  
Yes              204      2.7             382            1.53             446            1.28             278            1.32                66            1.76                25            4.66  
missing                   8      0.1                  8            0.03                15            0.04                20            0.10                  4            0.11                 -                   -    
Cardiovascular disease                           
No           5,724    74.4        19,606          78.52        27,856          80.25        16,970          80.61          2,919          78.03             392          73.00  
Yes           1,780    23.1          4,872          19.51          6,169          17.77          3,678          17.47             736          19.67             133          24.77  
missing              192      2.5             490            1.96             686            1.98             404            1.92                87            2.33                12            2.23  
Depression                           
No (< 0.06)           5,489    71.3        20,941          83.87        31,124          89.67        19,064          90.56          3,226          86.23             387          72.07  
Yes (≥ 0.06)           1,925    25.0          3,407          13.65          2,865            8.25          1,559            7.41             414          11.07             134          24.95  
missing              282      3.7             620            2.48             722            2.08             429            2.04             102            2.73                16            2.98  
*all p-values < 0.001 
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Table 5. Baseline characteristics by sleep duration in the Women's Health Initiative, 1993 - 2005; N = 92,706     
    ≤ 5 hours    6 hours   7 hours    8 hours    9 hours   ≥ 10 hours  
    N = 7,969   N = 24,968   N = 34,711   N = 21,052   N = 3,742   N = 537 
Characteristic   Mean SD   Mean SD   Mean SD   Mean SD   Mean SD   Mean SD 
Age (years)   63.74 7.7   63.6 7.49   63.37 7.33   63.88 7.16   64.38 7.23   63.52 7.46 
Body Mass Index (kg/m2)   28.54 6.59   27.53 5.98   26.84 5.64   27.09 5.69   27.39 5.86   29.28 6.75 
missing     324     175     239     135     24     2   
Fat mass (kg) †   34.73 12.55   32.97 11.87   31.63 10.9   32.35 11.15   34.07 12.1   36.25 13.1 
missing     6     25     38     23     4     2   
Fat mass (%)†  44.05 7.17  43.78 7.41  43.94 7.30  43.93 7.09  43.19 7.78  42.80 8.03 
        missing  6     25     38     23     4     2   
Height (cm)   160.48 6.91   161.21 6.75   161.87 6.76   162.14 6.66   162.45 6.41   161.22 6.96 
missing     313     151     205     115     22     2   
Weight (kg)   74.06 18.89   71.97 17.1   70.77 16.35   71.62 16.46   72.71 28.04   76.38 18.46 
Physical activity (METS 
hr/wk)   11.89 14.43   13.35 14.4   14.18 14.28   14.12 14.28   13.2 14.46   10.97 13.81 
missing     345     208     314     194     40     6   
Healthy Eating Index   67.24 11.23   68.82 10.71   69.92 10.19   69.5 10.39   68.08 10.69   65.15 12.56 
missing     279     18     33     27     4     0   
Daily caloric intake (kcal/day)   1,542.38 846.45   1,535.56 714.68   1,542.05 637.12   1,564.83 680.06   1,607.88 742.55   1,668.66 980.89 
missing     279     18     33     27     4     0   
Caffeine consumption 
(mg/day)   141.37 136.74   156.69 132.85   160.97 129.56   162.38 128.87   160.04 134.76   140.15 139.59 
missing     279     18     33     27     4     0   
Physical functioning   73.24 24.76   80.26 20.78   83.24 18.6   82.18 19.62   78.39 21.94   69.08 26.17 
missing     446     426     511     294     56     18   
Depression   0.11 0.22   0.05 0.15   0.03 0.11   0.03 0.01   0.04 0.13   0.1 0.21 
missing     555     620     722     429     102     16   
Social strain   7.31 2.96   6.71 2.62   6.35 2.41   6.2 2.36   6.36 2.39   7.01 2.94 
missing     522     573     640     404     70     21   
Limitations due to emotional 
problems   72.32 37.48   81.17 31.83   86.18 27.56   86.65 27.59   83.22 30.57   68.43 38.99 
missing     354     190     203     126     19     8   
†Data from participants of Bone-Density Ancillary Study (N = 11,265)              
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Table 6. Correlation between fat mass and BMI by sleep duration 
 Correlation with BMI p-value 
Fat Mass Percentage†   
≤ 5 hours of sleep 0.741 <0.001 
6 hours of sleep 0.770 <0.001 
7 hours of sleep 0.743 <0.001 
8 hours of sleep  0.741 <0.001 
≥ 9 hours of sleep 0.747 <0.001 
†Data from participants of Bone-Density Ancillary Study (N = 11,265) 
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Table 7. Linear regression estimates of baseline sleep duration and baseline BMI (kg/m2), N = 75,021         
  Sleep duration, ≤5 hours* Sleep duration, 6 hours* Sleep duration, 8 hours* Sleep duration, ≥9 hours*   
                    β  95% CI                    β  95% CI                    β  95% CI                      β  95% CI p-value 
Model 1                     1.67  (1.50, 1.83)                      0.70  (0.59, 0.80)                     0.25  (0.14, 0.36)                        0.81  (0.61, 1.02)  <0.001  
Model 2                     0.96  (0.80, 1.12)                      0.44  (0.34, 0.54)                     0.24  (0.13, 0.34)                        0.60  (0.40, 0.80)  <0.001  
Model 3                     1.38  (1.21, 1.54)                      0.57  (0.47, 0.67)                     0.27  (0.17, 0.38)                        0.78  (0.58, 0.98)  <0.001  
Model 4                     1.36  (1.20, 1.52)                      0.59  (0.49, 0.69)                     0.19  (0.08, 0.30)                        0.53  (0.33, 0.73)  <0.001  
Model 5                     1.44  (1.28, 1.60)                      0.64  (0.53, 0.74)                     0.25  (0.14, 0.35)                        0.74  (0.54, 0.94)  <0.001  
Model 6                     0.57  (0.41, 0.72)                      0.36  (0.27, 0.46)                     0.19  (0.08, 0.30)                        0.23  (0.04, 0.42)  <0.001  
Model 7                     1.53  (1.36, 1.70)                      0.64  (0.53, 0.75)                     0.28  (0.17, 0.39)                        0.84  (0.63, 1.04)  <0.001  
Model 8                     0.14  (-0.01, 0.29)                      0.19  (0.10, 0.29)                     0.16  (0.06, 0.26)                        0.09  (-0.09, 0.27)  <0.001  
Model 9                     0.30  (0.15, 0.45)                      0.26  (0.17, 0.36)                     0.12  (0.03, 0.22)                        0.05  (-0.13, 0.23)  <0.001  
*Reference group - 7 hours        
Model 1 adjusted for age       
Model 2 adjusted for age, ethnicity, education, marital status, income       
Model 3 adjusted for age, smoking status, alcohol consumption       
Model 4 adjusted for age, total energy expenditure, caloric intake, healthy eating index       
Model 5 adjusted for age, diabetes, stroke, cardiovascular disease       
Model 6 adjusted for age, social strain, physical functioning  
Model 7 adjusted for age, insomnia      
Model 8 adjusted for age, variables from models 2-6       
Model 9 adjusted for age, variables from models 2-7  
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Table 8. Linear regression estimates of baseline sleep duration and baseline percent fat mass, N = 8,975       
  Sleep duration, ≤5 hours* Sleep duration, 6 hours* Sleep duration, 8 hours* Sleep duration, ≥9 hours*   
  β 95% CI β 95% CI β 95% CI β 95% CI p-value 
Model 1 0.34 (-0.25, 0.93) -0.17 (-0.55, 0.21) -0.02 (-0.42, 0.37) -0.04 (-0.79, 0.71) 0.60 
Model 2 0.34 (-0.26, 0.94) -0.16 (-0.54, 0.23) -0.03 (-0.43, 0.36) -0.06 (-0.81, 0.69) 0.28 
Model 3 0.33 (-0.42, 0.38) -0.19 (-0.57, 0.20) -0.02 (-0.42, 0.38) -0.03 (-0.78, 0.72) 0.39 
Model 4 0.32 (-0.27, 0.92) -0.17 (-0.55, 0.21) -0.03 (-0.42, 0.37) -0.07 (-0.82, 0.68) 0.28 
Model 5 0.33 (-0.26, 0.93) -0.17 (-0.55, 0.21) -0.02 (-0.42, 0.37) -0.05 (-0.80, 0.70) 0.82 
Model 6 0.35 (-0.25, 0.96) -0.17 (-0.55, 0.22) -0.02 (-0.42, 0.37) -0.03 (-0.78, 0.72) 0.86 
Model 7 0.26 (-0.35, 0.88) -0.20 (-0.59, 0.18) -0.01 (-0.40, 0.39) -0.03 (-0.78, 0.72) 0.71 
Model 8 0.34 (-0.27, 0.94) -0.16 (-0.55, 0.22) -0.04 (-0.44, 0.36) -0.04 (-0.79, 0.71) 0.15 
Model 9 0.27 (-0.36, 0.89) -0.19 (-0.58, 0.20) -0.03 (-0.42, 0.37) -0.02 (-0.78, 0.73) 0.16 
*Reference group - 7 hours       
Model 1 adjusted for age       
Model 2 adjusted for age, ethnicity, education, marital status, income       
Model 3 adjusted for age, smoking status, alcohol consumption       
Model 4 adjusted for age, total energy expenditure, caloric intake, healthy eating index       
Model 5 adjusted for age, diabetes, stroke, cardiovascular disease       
Model 6 adjusted for age, depression, social strain, physical functioning, limitations due to emotional problems  
Model 7 adjusted for age, insomnia       
Model 8 adjusted for age, variables from models 2-6       
Model 9 adjusted for age, variables from models 2-7       
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Table 9. Baseline characteristics by insomnia status in the Women's Health Initiative, 1993 - 2005; N = 91,103 
     No Insomnia     Insomnia     
Characteristic    N = 62,733   %     N = 28,370   %     p-value  
Age group                 
50 - 54              8,544     13.62               3,555     12.53     <0.001  
55 - 59            11,883     18.94               5,018     17.69      
60 - 69            27,621     44.03             12,457     43.91      
70 - 79            14,685     23.41               7,340     25.87      
Ethnicity                 
White (not Hispanic origin)             52,191     83.20             24,013     84.64     <0.001  
Black or African-American              5,157       8.22               2,070       7.30      
Hispanic/Latino              2,252       3.59               1,128       3.98      
Other              2,961       4.72               1,086       3.83      
missing                 172       0.27                     73       0.26      
Education                 
Less than high school              2,784       4.44               1,786       6.30     <0.001  
High school to less than college            31,826     50.73             15,935     56.17      
College to less than post-graduate degree            15,163     24.17               5,966     21.03      
More than post-graduate degree            12,467     19.87               4,443     15.66      
missing                 493       0.79                  240       0.85      
Marital status                 
Never married              3,108       4.95               1,147       4.04     <0.001  
Divorced or separated              9,898     15.78               4,397     15.50      
Widowed            10,387     16.56               5,318     18.75      
Married/marriage-like relationship            39,055     62.26               17,362     61.20      
missing                 284       0.45                  146       0.51      
Employment                 
Unemployed            38,023     60.61             18,743     66.07     <0.001  
Employed            22,920     36.54               8,792     30.99      
missing              1,790       2.85                  835       2.94      
Family income                  
< 10,000 - 34,999            21,528     34.32             11,573     40.79     <0.001  
35,000 - 74,999            24,087     38.40              10,015     35.30      
≥ 75,000            12,618     20.11               4,650     16.39      
missing              4,500       7.17               2,132       7.51      
Sleep Duration (hours)                 
<5              2,277       3.63               5,234     18.45     <0.001  
6            13,916     22.18             10,579     37.29      
7            25,663     40.91               8,458     29.81      
8            17,359     27.67               3,408     12.01      
9              3,120       4.97                  564       1.99      
10+                  398       0.63                  127       0.45      
Body Mass Index (kg/m2)                 
Underweight (< 18.5)                 757       1.21                  322       1.14     <0.001  
Normal weight (18.5 - 24.9)            25,434     40.54             10,544     37.17      
Overweight (25.0 - 29.9)            21,192     33.78               9,585     33.79      
Obesity I (30.0 - 34.9)              9,449     15.06               4,724     16.65      
Obesity II (35.0 - 39.9)              3,453       5.50               1,856       6.54      
Extreme Obesity III (>= 40)              2,027       3.23               1,144       4.03      
missing                 421       0.67                  195       0.69      
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Alcohol consumption 
Non-drinker              6,966     11.10               3,134     11.05     <0.001  
Former drinker            11,278     17.98               5,766     20.32      
Current drinker                 
<1 drink/month              7,315     11.66               3,164     11.15     <0.001  
<1 drink/week            12,745     20.32               5,462     19.25      
1 - <7 drinks/week            16,224     25.86               7,039     24.81      
7+ drinks/week              7,822     12.47               3,641     12.83      
missing                 383       0.61                  164       0.58      
Smoking                 
Never            31,822     50.73             13,948     49.16     <0.001  
Former            26,266     41.87             12,299     43.35      
Current              3,857       6.15               1,770       6.24      
missing                 788       1.26                  353       1.24      
History of diabetes                 
No            59,463     94.79             26,443     93.21     <0.001  
Yes              3,215       5.12               1,892       6.67      
missing                    55       0.09                     35       0.12      
History of stroke                 
No            61,810     98.53             27,835     98.11     <0.001  
Yes                 828       1.32                  515       1.82      
missing                    35       0.06                     20       0.07      
Cardiovascular disease                 
No            50,753     80.90             21,496     75.77     <0.001  
Yes            10,763     17.16               6,270     22.10      
missing              1,217       1.94                  604       2.13      
Depression                 
No (< 0.06)            57,278     91.30             21,770     76.74     <0.001  
Yes (≥ 0.06)              4,174       6.65               5,932     20.91      
missing              1,281       2.04                  668       2.35      
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Table 10. Baseline characteristics by insomnia status in the Women's Health Initiative, 1993 - 2005; N = 91,103   
    No Insomnia   Insomnia       
    N = 62,733   N = 28,370       
Characteristic   Mean  SD   Mean  SD    p-value    
Age (years)   63.44 7.34   63.92 7.4    <0.001    
Body Mass Index (kg/m2)   27.08 5.76   27.62 6.04    <0.001    
missing     421     195         
Fat mass (kg) †   32.59 11.58   32.75 11.45   0.49    
missing     81     25         
Fat mass (%) †  43.86 7.34  44.01 7.19  0.31  
       missing  81     25      
Height (cm)   161.73 6.78   161.57 6.65    <0.001    
missing     359     168         
Weight (kg)   71.26 16.65   72.51 17.26    <0.001    
Physical activity (METS hr/wk)   14.22 14.58   12.57 13.73    <0.001    
missing     559     264         
Healthy Eating Index   69.61 10.39   68.38 10.77    <0.001    
missing     59     27         
Daily caloric intake (kcal/day)   1,527.73 677.72   1,595.63 718.2    <0.001    
missing     59     27         
Caffeine consumption (mg/day)   158.8 130.71   158.15 132.4    0.49    
missing     59     27         
Physical functioning   83.39 18.79   76.23 22.6    <0.001    
missing     880     424         
Depression   0.02 0.09   0.08 0.19    <0.001    
missing     1,281     668         
Social strain   6.26 2.4   7.02 2.72    <0.001    
missing     1,189     586         
Limitations due to emotional problems 87.17 26.62   75.82 35.47    <0.001    
missing     359     190         
†Data from participants of Bone-Density Ancillary Study (N = 11,265)   
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Table 11. Linear regression estimates of baseline insomnia and 
BMI (kg/m2), N = 75,021 
  BMI*   
                    β  95% CI p-value   
Model 1                 0.56  (0.47, 0.65) <0.0001   
Model 2                 0.39  (0.30, 0.48) <0.0001   
Model 3                 0.52  (0.43, 0.60) <0.0001   
Model 4                 0.30  (0.21, 0.39) <0.0001   
Model 5                 0.47  (0.38, 0.56) <0.0001   
Model 6 -0.27 (-0.35, -0.18) <0.0001   
Model 7                 0.31  (0.22, 0.41) <0.0001  
Model 8  -0.31 (-0.39, -0.23) <0.0001   
Model 9 -0.37 (-0.46, -0.29) <0.0001  
*Reference group – no insomnia       
Model 1 adjusted for age       
Model 2 adjusted for age, ethnicity, education, marital status, income      
Model 3 adjusted for age, smoking status, alcohol consumption     
Model 4 adjusted for age, total energy expenditure, caloric intake, healthy eating index    
Model 5 adjusted for age, diabetes, stroke, cardiovascular disease      
Model 6 adjusted for age, social strain, physical functioning  
Model 7 adjusted for age, sleep duration      
Model 8 adjusted for age, variables from models 2-6       
Model 9 adjusted for age, variables from models 2-7  
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Table 12. Linear regression estimates of baseline insomnia and percent fat mass, N 
= 8,975   
  Fat mass*     
  β 95% CI p-value       
Model 1 0.18 (-0.14, 0.51) 0.55       
Model 2 0.17 (-0.17, 0.52) 0.71       
Model 3 0.17 (-0.02, 0.02) 0.19       
Model 4 0.20 (-0.13, 0.52) 0.25       
Model 5 0.15 (-0.18, 0.47) 0.15       
Model 6 0.17 (-0.15, 0.50) 0.72       
Model 7 0.19 (-0.14, 0.53) 0.79       
Model 8 0.18 (-0.15, 0.52) 0.11       
Model 9 0.17 (-0.19, 0.52) 0.16       
*Reference group – no insomnia       
Model 1 adjusted for age       
Model 2 adjusted for age, ethnicity, education, marital status, income      
Model 3 adjusted for age, smoking status, alcohol consumption      
Model 4 adjusted for age, total energy expenditure, caloric intake, healthy eating index    
Model 5 adjusted for age, diabetes, stroke, cardiovascular disease      
Model 6 adjusted for age, depression, social strain, physical functioning, limitations due to emotional 
problems  
Model 7 adjusted for age, sleep duration  
Model 8 adjusted for age, variables from models 2-6       
Model 9 adjusted for age, variables from models 2-7 
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